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(57) Abstract: 



PURPOSE: The method of controlling the 
wavelength and optical power of 
wavelength division multiplexing optical 
source is provided to control the 
wavelength and optical power of a 
wavelength division multiplexing optical 
source, thereby allowing a user to remotely 
control the wavelength and optical power 
to provide stability and reliability of the 
WDM system. 

CONSTITUTION: In a method of controlling 
the wavelength and optical power of a 
wavelength division multiplexing optical 
source based on digital control using a 
microprocessor, the inner temperature of a 
distributed feedback laser diode is 
controlled to locate the wavelength power 
of the laser diode in a distributed feedback 
laser diode module within the peak-to- 
peak of the wavelength response 
characteristic outputs of two photodiodes. 
The difference between the outputs of the 
two photodiodes of the distributed 
feedback laser diode module and the inner 
temperature is controlled to stabilize with a 
reference wavelength. When a wavelength 
shift that appears due to the difference 
between the outputs of the two 
photodiodes exists in a predetermined 
range, optical power is calculated and a set 
target value is controller. The wavelength 
shift value is given a predetermined offset 
value to correct the wavelength and optical 
power. 
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- = »s»»os»s m§ a x-ii cm chi ete owi3snsAiiAi« -oise cixiig high 
m ws2s i»s«»D§a§ b^si »s sj as»»fc a>aoii aoui." (a)«s9i« aioixiooisE £§ 
ma aioi»o-oi2Hsi mss^oi ^ ss-qoisesi ntsrse- mmsn nia ¥ ma oj-oii <=hx\ m^m ss^ 
& aioisaoisH lh¥£es siofb eai: (b)^oi aioiaooiss 2^21 ¥ ssaoifisai 

xhOIS *il38HQ m^SSES HlOJSlOi aiEHgd^ o h g^ A\3\tz B3tl; (c)£>0| ^ ££aoi£!EH] ^xl- 

ois uaufc msraoi^h ^sa«uioiiAi eawa atntfla aifcwa = s ^ § aowt eai; <<j)^i »a 

- =soii si, ms^a- ni^e ^a oiivs hei §y suas pd^i- uisb ofb lds^m xH^am atarg 0FB 
Loe^oii o\m mm^^i mo\m ai«»o£mi ^isj^oi ^oqi axuaias ^nig 331 ^sj 4- ao. mhh. ofoib^ h 
saii/h« pxii Hioi»A]o S £i¥e"£Hniioi^g §e sajjiiop* am mgs»og» ai^hj ^sai 

8». 80IS 39 01 SACK 
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e is §bh°i ifsgsai ms ai e*§» moisxis eai& s^eoip. 

£ 2te 0II9S HE! LHSS ^S?l# aiOIHDOIEE 5§£| m^?2E« EAIth 5 01 a. 

e 3a^ oh ire naoii siet wsnMm uehj^ ^eoici. 

E 3b5= 55?llf aiOIHaOIEE £§LH°I 5)101 3HCfO|2E S^WSOII CHgf *p 3H2| ££C|0|2E°I SIS H SHU* Oil CH 
m □ SDEOIQ. 

e 4fe e vapu sigh ^ea^ aioinctoiEE ssa.orssh us s it^ hichsiis eai& m^eoick 
e 5fe s as on °i§} ^s?is aioixmoiEE an oig& s^si si ,g§^ x-iich sseoid. 

E.6S S6fSSf£2J2| aiOIXH CIOIEE *g jiio] SSEOICK 



& «=> — / — ' —J 



01 CL 

Hh§ggP-e(Wavelength Division Multiplexing^^ WDM OI£f»)S^10iei- mS W&0\ CfE Qi£| 5H2| § 
HI mgm S§»3|| 01 4^ £101 §if^2£ 3 OISOI ^£12 91^ 4IS0|Ch ^61. WDMe^OIIAH CUHtfS 

£ 18 S£»Of WDMg m±±9l Eh§ S! &SS HI0!S£|2| gsff gggf^ Cfli gjQ. 

WDMg CfXHU S^OII AISQB ^nK*2| CICH £]^(dither signaDB 6faJ8hO) «ElfiS!|6J8H2 018 i|j(TAB: 180)M S 
o\\ »S as» Zil01MSH2j 2ESCfOI2E(Photo Diode: 120)011 SUUIJI g[J. Ef§ H3» «I0|«S{S CI CH d S(di ther 
signal )S ^Hf^Ij El H §SH 2| »£l»0) »m«B 2 U El 8m HH^dl 01 £ Oil^g ^ EH (Fabry Perot 

etalon f i Iter: 110)2] EF^^Hf mgm 0IS8FOI 2> ^±±2\ && ^£3 A| XHI OH & 4 s Sl-aCf. 

HaiU. 0I2F &±iWMt= EH^£| H|£ OUSTS H El (110)011 SUP} 21 *U 2 LIS £1^(120)^011 SUP* £JCf£ 
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m^m Afgt ^ apt sxii:?i- am. seb n (tab: 180) soil ai ^<y^e »ai»fe nfgoi ieam xh^m yae u 
cn^o^ ai^qi aa^ii ao. 



S USOI OlipHX^b »fflfe DxHyg S^SI *(9B BS» gxlS ^^oj ^ajijoj JHIOj^xlg Si 

Bfla ataxia em oi §™§of]i ^u^i siotaxia x-nssm mo.o\\ mo- Afsxpi- Efsi »a»9 ndib 

^ ^ XHI CH & 4= 91^m B\0\ WDMA|^ii2J BSE. <M£]£ qj §§g§ *||g8fe WDM &4:^2j fflg U SS§4 XIIOI&SS 

aisaoii ho. 



j$mm owmsiDi 9\m s aaoii ©is wdm a^si n& ^ jjioiaas oi-oiB^H^A-iiAHe oisb 

Pill X-flCH « dhS£ S WDM »4:^£| »g §y a«^.8 Pi§SF8h£r CHI SiW Ai , (a)SS9]S aiOIHPOIEE S^LH 
2| aiOIXHQOIEESi m§*§*OI ¥ S£CK)|£E£| m§§& M^^l HI 3 ¥ niB B0|| ^]xl m^m &D\ ^s^^ 

aiOIHQOIEE Ui^^EM 2i6fb ; (b)£PI BS?|« aiOIXHPOIEE 2^21 ¥ S£CK)I2E2| -«ea»OI 

B SI 3 » 12 LH¥^E# XHICH Bl-Oi aiHHgd^ eiSsJ- At 31 ; (c)6PI ^ £^P0I2E2| xhOI 

^ UElUb IttSaODI- ^SS^LHOilAH SXHSIB 3Ef?-IM 31^8^ ^§9 m&&m »IO!»fc '&7\\: 3£ (d)£>0| 

¥ ssaoiEEsi maaoiaoii ^§2j 2551^1 ^ch as si a§§fb b^ib saas ^se^ bcl 

EB. £>0| ( a )B3|lte (aO^JI ^E?li* aiOIHPOIEE S12J LH^gES 2JES ^§Sf^ ; ( a 2)LH¥£E 

^S^OI ^§£ICH 21X1 SOB, 4^1 aiOIXiPOIEE £MLH£| ISIf^^^ifoj 3HB ^goj ^g|ya 

SJfc E.^i ; SJ (a3)£>0| ^5^B aiOlXIPOIEE £M2j I&SS^OI aiffla^I»§8 e^H^ kSa§(P,^)3l ^8Hf 

s(piu,)oi iJxishs, &D\ fes»s(p»A-,)a wsmatpu^ijoi. H«gfe jiboiiai uvssa «t8ib Baia ssf 

& k M ^SE£ BP. 

oi ai- £s§ ssskm b &§i ^ahisi ^ss^i^ bp. 

BH. £ 2M SS3K« B i^gOII Ahg^j CHI S EH LH§§ ^5^^ aid H P 01 2E m^£0l! 0\n\0\ 

on as ma lh§§ bs^iif aioixmoiss s§8 Ef§sta§ af§§ t^afb e .2011 sais t» 

£h 901 S^EhSSI ^EHS UAI8PI ¥!6h0j 2^H2J SMQOI2H(Photo Diode: 01 81- PD)2f HH^dl BIS" Oil ITS HE{(Fabry 
Perot etalon filter)* m§SHQ 2>H, SSflS ai0|XHO0ISH(Distributed Feedback Laser Djode:0|8 r DFB LDSJ- ») 
2i UI¥SEaA|a Zmm AHOI^£i(Themistor)£| TEC^TJM LHS8H2 HO. SE.B . ^^(Direct modulation) 

3f 3r^6F£^ DFB LDSe^l 3H^H90il S^Hf M»0| 2^£JOj S^CH H£| d r OI 0|^(prebias)£r RF6!'SB gj^o^^ £| 
0^ HCf. 

EEB, DFB LDSS2) »affl§8 LH^^£0il 2J6H B^l g§I Sffl H£ldJOIO)^2| S^iTOil B>il 3§§ 

£>^ck nau MdidhoicH^oii siohah^ a^nfaoi &t>in lh^^eoii 2ianAH£ &&Dt lh^^s ai 

CH2I- H£lb^0|CH^X-ilCHPf &s ^^81 01^01^01=0} 9i§9 SJ gEF^I^K ^ °lCf. 

e 4£z b a a oil file aioiaooia= en oisb s^si nta * aav.aoiaxiB eaib ^e^, dfb 

LoeM(4io), euHffls(420). onrfsz/axiaa#3i(430). ^mxHai¥(440). axiB/oftar-s3a»^i(460). sw^s^i 

(460). DilS£l¥(470) H AIBIS g£JS^(480)^ OI¥«SO. 



3 



dfb LDeg(4io)g msmmam m±±m ms si errors mmm^ 52s, e gtgoii/Hfe EH(Nortei)A r 2i.oFB lde 
if Ahsep. 

ELI 9 ¥(420)}= DFB LD£g(410)S¥9 fflg gJ SrEr9l« SL|E]»te ESPOIEE £LI9¥. g£ S 

UEI?, H£lbFOIO^ SL|9¥ 9! TECELI9¥S 0I¥01£!P. 

0lfe^Zl/PX|geSPI(430)}= £L|9¥(420)£¥9 S^EIfe OHsTSU i^Si D|I|g.6JsS Bt^P. 

pxigatoii top gno a! gi^g :xi&sn= sj¥ 
2 n/Hi S assm smsioii chohah^ ^s^a b^se^mi 
e&ifEs msa s^^s amisi&s ^ses ma. 

CIX!^/OfferS3e&3|(450)^ <y.sxH£l¥(440)S¥9 S§3@ gfflg SJ 3rHr9l°l PX|ggt§ 0(^§2£ 
a# ; ?S¥(460)te PXIB/0HrfS3B!«3|(4S0)S¥E| S^!9 gl§ gJ SWA 21 0htfSn»2S' SIIOIXiPOlE 

— es(4io)Ln°i §a»(TEC)±»2f HEidhoicH^oii s#» a:?rSrfe sjes. tec a^tv 91 heiwoio^ 

?S 0l¥CHSLh 

oiis£i^(470)fe mom 91 e hi ch mpai 9 :n useioi ao. s ^soun^ eeproms afs»oi biisism. 

AISIH «6!SM(480)fe'si¥ A|^gj;»°| PJSIHIOI^S SH6H ^xl£ICH S1E01 0\m S6H S^fllOl^ Of^SH SIP. 
g ^0,1 o|^ W0 | e ^go|| □5 M3) A^igi .tfgs^lS &P. 

SjX-1. DFB LD£g(410)°l S3 HIS CHShOj flSS^IS ShP. E 3aCHI AH £fe d|-£f »0| IH2£I HIS Oil ITS HE) 

£f ¥ 3H°I 5SP0IEES 0|¥CH£!P. ? 3H°I SMPOIEEOflfe 2^ DFB LD2J aiffl£!>i If§§ ife'og oo h fe o 

ms(oi8 r pd,„„ 0 oip m m nt3(oi8t po^oip ensi soiiah acns^s#^f i^gt^ hhhei mis ones 

kepi s^eioh sip. oiae ausoiiai uott^w&w ens- * :hsi sspoieesi as ssugg e 3b» ap. ldsi 
g^msoi §^}si aime^ e^oipb ¥ empoiee°i s^s hihisie s§m§roi aima^ msao ^pg 

PD,„,2j g«OI PD SW „SP 34X1711 £12 S^DfSOl Sfa ^QS PO^,,^ MOrPCUfiCf 3HX|?)| so. 

E 4S SSSKX . S g^gOH 2|& SSflS 511 01 XI PO| EE ESS 0|g& IDS 9! g§^ *IO)§Xl2| 3|^»oi j|| 

CH^H^CHI CH8I01 tfgsPIS Bo; 

DFB LD£S(410)LH¥°I ¥ SSP0IEE2I S^S#« ELI9SH2, DFB LD£S(410)S¥9 fi^Elfer HhgOl LH^EOII 
2J5H ^§r S SifS i°HS m§0| BHISES £!0l(shift)@9a U)¥BES .fB|?2 SWSES S!OI(shif t)SPS 
LH^BES LHei^fe 510IH «g^0| ^fiftSg&OII b|5H g^XIS H£IHhOICH^ (prebias)S §B|?2 S«^0| fePS 
H£lbfOIW^(prebias) S^ifS LHBjgp. 0|£f XilCHfe 8dl!= OfOI g (440)011 °)3H 0I¥CH£!P. 

□I-OIS (440)011 3S£|OI5! =S3^0||AH ,/ De S3 | (430)0)1 °I6H ¥ SSP0|EE£| g^S PXIgSfSfOI PSIlf & 

B S^S 6MI set. 



W9I = (PD, 0W °I A/D B«» - PD £W „^ A/D e*»)/2 

^. HfSS 01 (wave length shift)&S "0'0| £IE^ Ul^gE* HlOiSm flf9l (output power) St 01 01 £1 = 

3^01 £|E^ TECS^SI n£lbmiCH>i(prebias)Sfl§ fllWShB 9P. a WSOIIAJfe m 3 2! 01 (wavelength shif t)St 1P 
X|e(digit)0)l QloH et 0.003nmS| mSB»S« 5>Effl W9l(output power)°l S^fe 2,' 0.04dBm£| Sg^aiHf 

S 5>E^ S5IIEI01 SIP. 



0FOIS(440)S O^SD/PX|ga&?l(430)S¥9 S^EIfe 

apciioi^^f 3^^8^Es ^aigoi siech Eh&oii msHAHfe 

PllSat 1bl!=ES}0ll EhSS 0;002nm. g§ag 0.04dB ra °| 
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E 5J= B ttSOII fi| » ^Sfl^ aiOIJHDOIEE 2§§ OlSgf 9£2| W& SJ Si^ 731 CH SSEOia, E 6g ggg 

2,^2121 aioixi choiee lh^se ?a men sseoio. 

E.5 LHXI E 6S »£8t0| B ttSOII 2|& M5?m aiOIXHOOIEE 2i§ 0|§& §£21 H|§- SI ii^ XHCH^SOII 

chsioi « sspis&d: 

5HH. OFB LD£g2| IH¥SSB ggSlfe 3311. ^ SIS (warn up)E:3||S= 3CK500B3II). 

n>g U ©S^ HIOOI- SOII BS?|« B||0|XICfOI2= Eg2| SZt£2(operate condition)©!! a 

S(warm up)AliJ I2^f 2iQ. 01 S£fe g!8Us HIII9I3I S^Sfe HE|bM)IO|£(prebias)3l 3!!g<settina)£|0ia 
OIIAH aiffl gj £( reference) m§0| S^EIfe LH¥SE« 2|D|ffP. 01 g£b S^HISOI 2f DFB LDESOm Cfsr^ 

H£ibioioi± asaoii cu£iahe o± xiopi yo. ss(warm up)oi lag 3i§ s oi??fe e 3boii/d ^ ssuoiee 
2i asmsoi o r y ntsss isi e oh ma ? niacpeak to peak)uio)i s^w&oi 231 9uisioi nia m nia er 

OUHEl D9 SI Ir»9-I2| e>g» aofJf HICHS Ol^Oi^ 4= 2131 OHSOICf. ^ SMD0I2E2I IL[S §3 SIS S^2| 
Eia ¥ HI 3 8*011 9lx|olE^ UI¥SE» £H5lfer 2101 S2j2| =5j0|CK 

SgJ(warm up)3f§A| LDESOm LH¥S£ <M§0I O^ES £13=21 Dej(warn) up)2f§0||AH = s LH¥SE2i» »0HHfe 
^@0| I28IP. a 3f§g E 60IIAH Mfe b r 2l It 01 ai£>a|2S LD LH¥SE3| 25*C SxHOia fif OdBm°| g 

S^OIES 01 Oil 9M\ PIIH/OftfSIlB«¥(460)» S5H SfSSI HBIbrOIOI^g S3$ & EH Oil AH LH¥SE« 20-COIIAH 

30-cwji bsiaisibah po«.]» po sf „„ a£ia LDLH¥SE* imi&ci. PQ^.stoi 21 mat on oi = a b** §§ aoi skjupi 

A|SfSI01 * PD2| at 01 ^xlShfe XI S Oil AH S| LH¥SE^^ ^S. CH¥SE3| £|ffl 01 ■ OH E £1(450)011 JAmmct. oi ssa 
SnSlbfOIOI^OII 0}£| C|£ Exl3| °i§ 4= °io U ma s E| 3 LH CHI SI SOI 2311 Sli >jO| 22C|. gJ& DUE 

£1(450)011 HSSia (HISS! (450)21 X|g OlEai^OII LH¥SE *HStS *»Qte SEHa« «!§A|S feferCI. 01 s 

aia^ ijigsis xi^ aejAieii lh¥^e ^sats *omit f@i ugstxi stfercn. 

HgUwarm up)A| OH S£l (450)011 H&SIOI*! ^S. SEStS glCHSOl a SEOII fiCf S£| Eg Sr 4= 2iE^ PI0HICH5I 
H)S(warm up)OIIAH PIOXHICH Oil ^Si^ Q)b| Exlfe gXH 2E2i-^S gEg^E^ 311 ^SQ. SB ane 

£011 E&oie S2(warm up)g §S£ia B^2J2J m& 8hgSf HICH^eES yOI2}C|. 

en. sniss efssuiai^ ciea ^a(5io&3ii lhxi 520&311). 

m ae3ii (500)31 gu3ii g a g§m§re ld aima^ ntsoii 3i°i ?i^s ^EH3i so. sah ^ssse hisi ^01 as 

(warm up)A|0|| 0|£| H£|blOIOI^M SfilfeS ^EHOPI ffHSOfl SHf?-l3l CH OdBm ExH°l S^S ma 2Joo S PDg o| 

&s §is 4 e^^Hi afecii 01 ra?a piohichoiiah gE3i oiy p^a ptu.,21 ex^3^ -o-oi sie= 510101 

LH¥SE 514:X|oi TEC2J S#» SgSh3|| @Q|. IIf£IAH PID»IO) Oil AH ^i£|fe =figf CHb| @x}^ 



S 3||^@Cf. 
BIS , im^lir 



S 3H<^iE|01, C/AS&3I2) S^S bhOI ^ij(step by step)ES g£m LH3AH SlSffe SHI^I ^Sg^OII i*x|8IEi? 

ii£lbfOICH^» ^§61311 ElfeQI 01 OH ¥ SSCI0I2E2J msSBfi, d|^gs S0| | oj§ H n)a ¥ E)a LH Oil AH 8} 91 3116} 
^01 ^aSIOI 5i CH tfasgs 4 k £ia» P[? ono ^ PD^.,21 x|3| 5digit(/>/DS&&)LH0||AH°* 9i &WH 3)1^^01 ^S£l 
CH !HIf?.| SfSSfS 91 & ^§!0I sisd. 

5!WI. ill§ » &W*m SAIOil ^§S5|fe E+31lfe Clga ^O(530&31l LHXI 5503311). 
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H£3H6N>ll/d &3»»IOIfc AI^XIICHSAH III CHS ME Oil DEt Di 0)3 31X1 xHdl^B^ DIB 01 »ai 

s ^Aiatu mg&sm mo\$= pioxiichb mm. aoim gj.ageoii a§n ejass AHtn^eoiiAH xiich3i 

oi#oixi3ii aoi SlCf. 

H0 nisa smsph 0goi an us §!xh ^ehsi idlhvse si hei tttoicn^sgg /as^¥(460)°j cixig gj» 

QM EEPR0M(450)0II XHS&hDh 0li= 4^£h30|| CHoH gig X|g8|CH CIS as(warm up)0| (0) 

s3| 6!!g^o£ tfgSPI flSOIP. 

?l2f as El§ iy SB?-) Sgsf^j ^fgajif =A|0|| SXH HICH^EHS) ^AI3) gfiSICK 011= CHS SI? &§0| I^SK* 

2.'§@ ima 3hggoi 9id\ migoia. mcn^ ¥ 3na pog ssh oipchx^i aw ^ah ggg sxhs ¥ 
sep-oiE^a mm §s g^=soi bi^gopi iiHgoii Eia ^ ma moiiAHa smqoi2es^21xi 010x1 31010 & 

EH CHI AH °J ££P-OI2 = g»0XIB q} ^ o^^q^ gj.^ ^cci 0 |^0|| a6H S38I E|3 ^ EI3» 5JCHUXI SfJl Q)OIB£ 

hsaiiapi &x\m 4 £is em ahahsi sichu^ &«oisie poa ei3¥moii sg8h3i soil Eia ^ Eiamoui- oi^ch 

XlOt &CL 3BH3I ^ISHAHfe Eiagjg 0|£| gfn SiCHOt SffeQI Eia&CHbl EI3 ¥ EI3 LflOIIAH ^ S£Q-OI2E3h gxl 
Sffer 2i0|| CH& bl§S LDS§0|-Cf 0-±XfO|3l 2i2ffl 2|2| LDSSa GIOIEH AIM* SSShOI rations EEPROM(450)OII 

x-issioi fefea. oi stoi em 7o%^s * (ioi/70)°s 3ii^acH act. nam oi-oiasHSA-iiAH3i- uxi 

SS|»U OlxH XIIOUI- OI¥CHXIXI ^SH EI3 ^ Eia» 51010 3?E 21CI. Oia 4 oi fe bfgg £ 3b 

chi ah maaoi ssaoissa stoi Eia ^ Eiag^s sjch^- §^ s^s- chi= & :na ssaoisn&e Eia 
^ Eiaua &oti oi sh sxhsi stsg UEm3ii a^Qi on= & ssaoi^HS^oi ma gjoti aioH a* /20isia 

UEILIS Eia ^ EI3M 5101th 321 SB m 4 SIC*. 0I5H&- 3? ^gE|« 8K* SgAliUHOII Eia m Eia 

lhoiis cfai £!gjam ssi^ii aa ggBsis o-ai ^ ch ^i-^i scf. 

ss^moife Eise>§sf« piomcH^r^AiacH ¥ sscioise^i Eia ¥ Eiamoii ^izisi-a ^ ssctoiaHa 
s^xKEf§a!oi^)3f +5(/*/De#at)uia soil moi setoioiieh (pcj^a ad s&st + pcw.a ad aih^)/2a 3)i^^°s 

m ^ ESt Oil S58hE^ [/Affl&^ia g^S ^^g^ >iU t»OI ^i&i|2S Ol^Olg 4= °l£ 

- msa. a 01^^ ¥ SMcioi2Ea Eia ¥ EiaoiiAHa R^wmm hi^§«soii ^isjsioi ^ ssaoisna 
g^oi ^a sxisife xi § oil ah oj- st^i 3ii ^ & o mm^ euEia s.nm ig ^ 2i?i aneoia. oia is g 

#^EI EFS^gSf XllOia S6H +0.01nmlHOII AH EhSeiSSJ^h OI^CHg 4= 2i£^ ShCI. 

S!M. S^SE SI H£ia^lCH^ #EH 2i§ CHI S£l ^ (450)011 XH §8ha(560B3ll ), A|£|g S^J SM(480)S SoH aVAI>, 

gjif h^xiioioii asH qioieh* % £i 8) a (5700311 ), ei§ iy se^-ioii oish asesoi 2ife3F» ^ojsh:k5 8 ob3ii). 
Diisin. iy »Ei?-ia sssffe &?iife agEf ^a(59O03ii). 

?l a^^'OIIAH EhSaoi^OII £Hil!S ^feQI 01 SfS AhgXh3l (*38h01 ftm&±N&3i 3§»§ 5If 4= §} 

p. ^. Ef&0§af» ?ieh pioxiiCHfe Ehssoigis 'o'og o}=fe xiioi^eoias 25«£f§ +sfo S ^§ghcis ani 

=^2S EfSOl SSfaOl XllOIPf 0I¥CHXI3)I 301 -&°£ ^§&C|0 SE)§ = o S EI-SX-IICH3I- 01^01X1311 . gEf 
?ia 3?b gS2i XmiB Hf^E^ »Q. 01 25«H gHaiS EEPR0M(450) Oil Xi§8!01 SCHIOI EAI?JCL SEI?^a 
S^OIIfe gSg^ 2 = d!!aia 1 iig El§a 2,' 0.003nm SOiaDI, if^2| g^fe 2f 0.04dB m 3^^S 4= 

^311301 91Q. 



S ttSOII a8h£, S«H, IlfSfl ^Sf 3)5! Olllfg W EH SI £UE|g PD3h LHS@ DFB L02g§ XH^Sha 2|^a DFB 
LOegOII □oH ^g^!0 HICHS AI|H&o^ Mi ^gj^oi M°0| Sfl|5|o^ ¥E | B a?) | ^ oi a 

mm. ohoiai hsaiiahm af§& cixi^ hich^^ss a^^Enaioi^s mm &*mo\j\ 3hgsias wdm Ai^gj 
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SSAI 5* XI, M40> SOI& S30I aCL 

x-iich ^1 ss^-soias sxisq. 

saioii »ioi»o£mi lq°i hem s^boii mesi ant9ixiiois a(tab)a ssqoiseb ^xia^xi 32 ^£ 

QSJflH. XIICH£§ ¥ SMCI0I2E2I I&S^a HI 3 ¥ HI 3 OIHf» §?I ffBSKM ?-J°JS e^l^E-j XI- 



(57) &?£j g& 

s^a 1. oj-oi Eif^HsLA-ii aim oiss p xii xij ch s ttt&og wdm nf§ §j ifi^i eFsasht "aaoii a 

chat, 

(a) «S?l« aiOIXHCfOISH S^LHSi 91 0[XI CK)I2E2| EfS^OI <= 'S£t:K)|£H£| IttSSB W^9] GIB ¥ HI 
a . oh oil ^|xia^^ SilOIXHDOISH LH¥B£» 515^ 

(b) 4 h ?l BH0IXHP-0I2H 2§2] ¥ S£CK)|2 = 2| m^xlOlM SI33HQ LH¥B£M XiiCH ohCM BilEi^ ilf§2 
£ A|3|^ E^i; 

(c) £>oi ¥ ssqoishsi s^^oi^ ueub nhssopi- ^ssflmoii/H sxhwh ant?i> ^sni 

^.H2*8 XII CH &7\\\ 

(d) ^OI ¥ S£DK)I2HS| »SS 012*011 ^§£1 25^!2li ^0) Hf§ K §§^1 £§6fb £&aS m 

Site WDM§ B 4:^21 Ef§ ^ XIICH^S . 

S^S 2. HMSWI aOUH, (a)B3|lte 

(a2)LH^B£ 4S2tO| ^§£|Oi Mfl "aWB, 6PI «S?I« fflO|J3aoi2E 2MLH2j Ha»tf2f£»2| SUM ^33 
£HBS S^fShte £ 

(a3)^0| aiOUHCFOISE WS«sjO| EilEI 91 i^J2g taS»S(Pf2j:i» h*S»S(PQ*r.)OI Bl 

xia^s, fes»s(Piw:» ^gEh§(pcu,)oi nxisite xisouh lh¥B£M ^§s^ e^is saaa ^S2^ m 

te WDMg §4:^21 EF§ §J XHCH^g. 

8^8 3. 73118011 aCHAH, #3| (c)B5||0ll/H KSSOIS- SS^E^^fe 

msaoi = (po long ^ ad a*a - po sfTOft 2j ad e«at) + offset 
a«a<a« = (po lono oj ad H*at. - p^ ft o| A0 h«»)/2 



£21 ms * it^ itxgg. 



SAism saioii s s§« aipi:» a oh 



l?» 4. 



H1 1 »0II 2JCHAH. 



Eioim eiEigi oil 2ioH iit Aie^2*©s pimiopi oi^ouie*? 5|oi wesson eias §^m§§ aa ^ 

SSffl A|3ia 4fCH2!°S ^BfiSOII B2PI a!S.»I»flO|| CHSHAHfe Oil oj fl|OI#eOIIAr £B b|0l ^igfiio 
£ AIS!£5!0J XH| 0| 3»F Ol^OjJIS^ §}» agog § hfe W0M g jyg gj gga X||0|gJS . 



5. 



XH1S0II 2ACH/H . 



s^nis at snf^Ji °J§§ * s&s^&ehsi lh¥se g^§g mission Piama xh ^haish n 3i^o^ a 

OPI OI^OillE* SK* ^e&SOII SCh 3§5| HIOIEfdfDIEl giOl S3E|£s & g agog W0M g g^^o] m§ 



6. 



HI IS' 0)1 21 01 AH. 



ssq-oise niaatoii chsh ¥ ssaoieE^i mmit: &ou aim hi 

2S 3||^g8 =§°5 Shfe WDMS g^^SI U§ gJ »§a fljoi^g. 



S^S 7. 



H1 1 SOII SI 01 AH. 



2l¥S!EinilO|^3| D[^mQi Of SOU □SHAHfe £n*n S gEf¥-|0|| CHSHAHfe *H&8 B3»SSM| QJIBSt Id 

XIM(digit)BSK»l Ef§S 0.002nm, 0.04dB m Sj gg|og Ef§a gfaf. 0|A||£golfe OJOI3£HSJk||AHg 

Aigss s S og sife wdms m ± ±°i ms si xiiomg. 



i ~i r~"T"i r t ~~~~~^ 



C|0| o c 



120 



1 10 




i 30 1 ' f 

140 150 160 



I X1 + A2 + 
170 -••An 
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£&2 



Thermistor 
Thermistor 

LD Cathode Prebias 
PD short 
PD bias 
TEC + 
TEC- 




5EQ!3a 
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£'2?3b 



PD 



PD short PD long 




n|2 
100% 

=t65~75% 

n|s cflH| 
sf50% 



DFB LD ainiejii njsr m*>(nm) 



S&4 









A/D 





420 



430 



□|22|i 
I 



450 



a|o|a 



440 



DFB LD S§ 






S# - 








D/A 



— 410 



470 



— 480 



4^5 
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( Alt ) 




n 
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